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FeportSd are results from a p5.1ot study evaluating , 
the effectiveness of a hiah school mathematics course on ,the 
applications of propDrtional calculations for students subsequently 
enrolled in chemistry. Two effects were investigated: the effe*ct 
of ^he 3Durse on; students' ability to do proportional calculations , 
not arplicitly ihvolving chemical concepts ati'd'teras, and (2|~th2' 
eff^^ oa students* performence in a regular secondary school 
chemistry course. &lso investigated iras «he;feher there is a 
relationship between ability to do proportional calculations and 
Piagetian cognitive level. Pesults -indicate that the cdurse was 
effs-tivs in increasing ^.udents' ability to, solve everyday problems, 
but that there was no difference in probiea-sol vlng ability of 
students who had taken the coarse- Results of the Piagetian . 
investigation indicate that , students cB.n be taught to solve both 
concrete and forial proportioTi al calculations independent of thair 
cognitive level when the variables are faiiliar to the students. 
(CS) ' ■ . 
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The Science-Math Project undertook the development, teaching, and assessnient 
of a course on the applications of proportional* calculations needed by secondary 
students to studSy chefBlstr| an.d physics^ The study was conducted in the Spring of 
W8 at a high school in a^mall city in Connecticut. The students in this study 
were predominantly ?h11dren^f blue collar workers in a largely white popuTatip>n. 
Of the .1979 graduating clas^. at this high school , 69% of the 273 students ijitended 
to go on to further schooling'. and 37% of the total graduates were planning to go to 
a. four-year college. f 



/ 



. The sample for the study Was drawn by random selection of sections of non-honors 

-.V \ • \ ■ • • 

s*tudents taking college-bound '^iology. There wd re four expfrimental sections and * 

four control -sec tioas. Three the Vxperl mental sections were taugHt by the director 

of the project, a col lege -teaclfer of chemistry, while the/fourth/was taught by an 

- \ '-'4 ' / • ^ 

experienced secondary chennstryjfeacher: The course )>ras giveii for -half- time during 



the Spring semester as an additliinal required cour/e for the experimental group. 

■ • ' ' '-K / ■ y ■ 

Those students In the ^)^per1 mental sections who/planneci to take chemistry the following 

- / ■ ■ ' 

year were followed In our study. 5* 

/ ' /' 

The curriculum was y/ritten Pj^o^ to/the fl^d-test; later parts were ratified ^ 

and rewritten before- instruction |^sed^on fee<iback from the first part of th^ course. 

Most of the'problems in the text d|a It with everyday consumer and vocational variables 

with which the students were fami^l'l^r with the exception of some chemistry probjems 

inserted as "nonsense" pnoblems. ille- topics covered were: introduction to proportions 

including the unary rate, units ar^^lysis— also known as dimensional analysis^ factor- 

' ■ / ip - , . 

label method, aed quantity calcul^|-, ra^ equations, ratios and percentages, the 

.inverse proport1on,/^nd introducti^ii'to graphs. Six experiments using" familiar 

materials ,in a oovel way were al so | Included, 



A ^oal of close to 100% achievement was set for the first part^f the 'course. 
To achieve this took longer than was' expected so some of the latter pSrt of the 



course w^s not completed by. most oi^he sections. 

The most Important Innovation in' the development of the ciirriculum was the 
unary rate strategy which e vol vied during classroom instruction based upon student 

feedback, "^he unary rate was a term we adopted to describe the rate per one of a 

. • < ■ • ■• ■ . • 

variable, such as miles per ofte hour or cos,t per one hamburger. The unary rate 

strategy was- simply that if you know how nuich per gne of a given 'quantity, then you 

can find Out how mucTi for any multiple of that quantity. Thus, if you pay 75^ per , 

# 

hamburger, then for S'hamburgefrs you. will pay eight times as much. This turned out 
to be»?the strategy most logics^ to the students and, eventually, became the primary 



strategy .used in our. teaching. 



.V 



Two effects wefe investigated in this proj^, with corresponding nuli hypotheses. 
They were: • • ' ♦ , • * 



(1). 'The effect of the course on student's ability to do proportional 

1 'A . 



calculations not explicitly involving chemical concepts and tei^. 

(2). The effect of the course on the students' subsequent performance 
^n a regular secondary school college-preparatory chemistry course. 

The relationship between the ability to do proportionar calculations and Piaget 
level^as also investigated. 

To determine whether the control and experimental groups were statistically 
equivalent, t-test comparisons were made of the differences in the means in test 
scores between ^e two groups. These tests, included five given fay the Project and ' 
three from student records. The groups did not differ significantly. They also * 
did not differ significantly on any'^of the curriculum pre- test questions. 




Measure of the student's ability. to do proportional calculations not 
*■ 

explicitly involving chemical concepts and ternis. was based on a" test given before ~ 

. ■ ■ ' • ■ 

the course as a pre- test, and in a matched version given after the course, as a post- 

^test. A description of the pre- test will be given later. An analysis of variance 

was carried out using the procedure developed by lindquist ( Pesign and Analysis of 

Experiirents in Psychology and Education by E..F. L1ndquist> Houghton Mifflin Co.,- 

Boston, f953, pages 172-177) in which the experimental unit.is the class rather than 

the student^. Tfeble 1 summarizes the results for the analysis of variance of'rfl^ans 

of differences in the pre- test and post- test 'scores. , The null' hypothesis that there 

was no. difference in the change of achievement in proportional problem-solving due ^ 

'to, taking the Scienie-Math Course was" rejected at the U level of significance. * We 

conclude that- the course was successful in te^chi^g 'prb^ovt'ional calculations to the 

^perinj^ntal group. . 

It should be recognize^ that this was essentially a pilot study which is now in 
the process of being riplicated on a larger scale. Several of the questions used on 
the^pre-test showed £<:Bil1ng effect; there was little gain possible on these 
questions becaiise scores on the pr6-test were already hi^h. Such questiotis tended to 
be rote types( Also, there was little gain on topics' near the end of the curriculum 
primarily because most sections stiidying the Science-Math course never got to them. 
.Had iflore tiii« been available for tire course and had questions with a ceiling effect 
been omitted, the improvement in scores on a test of p'roportional calculatipns after 
the Science-Math course might have* been greater than they were in the study. Table 2 
pfB$,ents an overview of the pre- test; it des'cribes the question by type and range of 
pre-test scores for the combined experimental and control groups. ''The classification 

by score into three cognitive levels suggests a hierarchy of comprehension of propor- 

# ' ' ' 

tional problem-solving. The^ lowest cognitive level, with the highest achieveirent 
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Table 1. Analysts of Variance of Pre- and Post-Test ' 
Dl^erences fn. Total Scores Between tjie^ . . • 
^ Omental and Control Group 



MEAN SCORES 



Pre- Jest 
Post -Test 



^:a^?^ERl MENTAL 



5*337 
7.833 



f 

CONTROL 



5.000 
5.325 



Source 



Sutn of 
Squares 




Mean 
Square 



F-Test 



Significance 



Group ^» 



85.110 
Section^ ^ 32.369 
Student 228.351 
TotaT 3A5.«TO' 



85.110 

5.395 
3.358 
if. 611 



15.776 
1.607 



0.008 
0.159 
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Table 2. Classification by Score on Each Science-Math 
. ' Pre-Test Question* (Procedure Correct) . 



Question 
group 
by score 


Mean Scores 
(on each 
i tern) 


1 

• 

Question 
Number 


• 

Type of 
Question 


Cognitive 
Group Type 


: £asy, 
2/^ or more of 
55 have it 
correct 


0,895 . * 
0.776 - 
0.671 


k 
2 
11 


Rate-ra^tio 
Add! tlve 

Algebra, symbols only 


cognitive 


4\\ 00 i,e , . \ 
between 1/3 and 
2/3 correct 


0.618 


A 

W 

3 

• * 


recent ace 

Algebraic, labeled 
nianbers 


i^lddle* 
cognitive or 
trans! tlo^nal r 




0.500 


1 ' 


One-step proportion, 
%«rd dtstractors 


k 




0.i»87 

• 


8 


One-step proportion 
witn picture vSHfni lar 
to Stlckman)^ 




Difficult, 
Jess than J/3 
correct ' 


0.329 


7 

0 


Five-step prof^rtion, 
one rate* 1 nvers Ion 
Information 
organized 


Upper 
cognitive. 




0.171 


5 


TWo-step word 
proportion 






0.158 


• ' 9 


Equation from data 




r 


' 0.066 . 


, 10 


inversion proportion 


• t 



,* Question 2, was an exploratory question on additive reasoning 
in a problem of constant differences. Suctj problems were not 
taught in the Science-Math course.' 



< 



includes rate problems. ' The highest cognitive level jincludes problems with more ' 
than ore step or- else includes the inversia proportion, A correspondence with 
Piaget level suggests itself but Is, of cours^, only speculative without further - 
testing. \ ' • j 

The second effect Investigated concerned trans^r to achievement in chemistry 
for those students who had been in the study and went on to take chemistry.' Since 
the quan-titative plfrt of the course in chemistry at this particular hightschool was 
given during the first semester, \ we examined the quantitative questions Included in 
the mid-year examination. The null .hypothesis was that th^re was no significant 
difference in setting up the corrept expressions for solving quantitative problems 1. 
between students who had taken the experimental course and those who had not. 
Table 3 presents the. ANO\?A on achievement on problems. The hypothesis is accepted 
si4ice the significance did not reach 5%. However, the difference was sufficiently 
clo.se to significance to encourage replication of the study with an improved^ 
curricului^ and a longer period of study. . . 

Another question investigated was -whether there , is a relationship betweej^abil i ty 
to^do proportional calcu-lations not explicitly involving chemical conc£pts and terms 
and Piaget level. The measure of Piaget cognitive level was a sum of the Gray Test 
of Logical Reasoning for combinations and control of variables, and the Stickm^^est 
of proportional reasoning. These tests were giv^ before the Science-Mgth course for 
both the fexperimental jfnd control groups. One concrete and two formal ^tognitive level 
bas^d on the scores were calculated. for the control and experin^ntal groups.' The null 
hypothesis was that there was no relationship between Piaget level and level of 
achievement. on the post- test for both the experiment*] and control group. 



Table 3. Analysis of Variance Table Comparing Experimental and 
Control Groups for .Correct Dimensional Analysis- in 
. Stoichioniptry Problems ' : , 



Source 


Sum .of 
Squares 


Degrees of 
• Freedom 


Mean 
, Square 


F-Test 


Significance 


Group , 


"1I.O6Q 


1 


11.068 


'5.425 . 


0.059 


Section 


12;240 


6 


■ 2.040 


0.526 . 


Over 0.5 


Student 


240.628 ' 


* 62 


3.881 


• 




Total 


263.931 


69 


^ ^3.825 








ERIC 
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The strength of the linear relationship between Pagetlian reasoning, and 
achievement on the post-test was estimated by Spearman's rank correlation coefficient 
corrected for ties, usin^ a t distribution (SJege! p. 2l!2).. The results are shown 
In Table 4. . ^ 

Table 4. Relationship Between Piaget Reasoning and Achievement . 
' . #0X1 Post-Test 



<4 

4 


Control 


Experimental 


Degree of 
Freedom, n-2 

• 


38 


% 




Correlation 


0.744 ^ 




0.257 


' t ' 


6.87' 




1.55 


Critical 


t>3.65 ^ 




t>2.02, 


.region for 
two- tailed 


at O.OOl 




at 0.05 


test / 






yf ■ - 


Significancp^ 


Less than 0.1% 

k 




Greater than 5% 



• " 'A sjjgnifi cant relationship between Piagetian reasoning and achievement appears 
for the control group but not for the experimental group. ^This suggests that studying 
the Science-Math course helped the students'wi th lesser'abIJi ty to improve in achieve- 
ment on probleig^ of proportional calculations. 

To investigate further the relationship between Piaget level and achievement, 
achievement on the post- test for the experiinent and control groups were comp^ed for 

• the students^at the three Piagetian levels of concrete, lower fprnial , and uppV formal 
The results are shown in Table 5. „ \ 



Table 5. Post- Test Scores of Experimental and Control Groups 
for Students at Three Plagetian Levels . ' 



Pes t7 Test 
Score 


'Pi age t S 
> Con 
Control , 


co re < 8 
Crete ' 
Experimental 


8^ Piage 
lower 
Control : 

a 


t Score ^10 i 

Formal j < 

Experimental 
. ! — d 


Plaget Score'-* 10 
Upper Formal 
Control ' Experimental 

f 


I 0 














1 








■ 


J • ■ . ■ 




~2 


2 






-4 ^ — ^ 




* 


3 


5 ' 




2 




• 


* . # 




1 


2 


7 


) - 


1 


1 


5 


2 




3 


— — i — 


1 


^ , ,.f , 


6 




1 


1 








7 


1 




1 


6 


• 3 


2 


8 




2 


• 


. . ^. i 

5 


5) - 








1 




2 


. 2 


• 2 


10 




1 




3 


1 




11 




1 




1 






N 


^ 11 


9 


14 


20 


15 




Mean 


3.64 

: 


7.^7 


4 


7.75 


7.33 


'8.S7 




The difference in achlevesent ob the post-test,feetween the experimental and,-, 
control groups at the three Pi'^getian levels was tested using th6 Mahn-Whitney U 
Statistic. CSiegel, p. 119). T^he results are suinmari zed in Table 6. 



^ Table 6. . Differences in Achievement in the Post-Te'st Between 
Experimental and Control Groups at Various Piagetian 
levels. ^ . . 



Control ! 
Sum of Ranks 


N 


Experimental 
Sum of Ranks ^ N 


U Significance , 


« - < . 

Concrete -■. 74 




136- , 9 


8 Uss> than'O.1% 


• 

Lower "Formal 123.5 


■14 


471.5 20 


^ 18.5 Less than o:n . 


Upper Formal 155 


15 


98- ;7 


35 Greater th^n 5^ 


Frofa^these t^sts the null H 


ypothesis of no difference" in achievement 1)6 tweeit 



the experimental and control groups is rejected for students at the concrete and 

•I 

'-^ - 

lower formal levels, but not at the upper forjnal . 

• Hence, we see that the Piaget concrete and lower formal s'tu dents showed significant 

improvement in achievement in proper tion*ai calculations as a result of the cpurse 

" , ■• " ' • ' ' 

while the upper formal students did^not. It needs to be pointed out that not all 

-sections of-students finished the Science-Math curriculum. Perhaps study of the las'tv 

* ' . - .V 

chapters which contained more advanced materials might have sfgnificantly improved the 
'aithievement of the upp^r formal students. 



Ref^ : Non^ parametric Statistics for the Behavioral Sciences , by Sidney Siegel, 
/ McGraw-Hill Book Company, New York, 1955. . . 



